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Further Studles  o f  the hizh k i t e  
Decomposition of iiigh Zrlcrgy Phtericlls 

J. K. Rosen ard J. H. Holder, 
U. S.  Naval Ordnacce laboratory 

White Oak, S i l v e r  Spring, Maryland 

I N  I'W DUCT IOb! 

Recent s tud ie s  at t he  Naval Crdnance Laboratory have ~ e t ; ' n  
ca r r i ed  out  t o  galr :  d d i t i o n a i  informat Lori c;n the sensitivity of 
high eriergji rnater la is ,  A unique thermal s e r i s l t fv i ty  riietriod has 
been devised by 'Fienograd (1) I n  which small ( 3  t o  lj iq) samples 
are very rap id iy  heated t o  temperatures i r i  t he  range of 3SL t o  
1000°C. 'The d e l a y  time t o  explosion is  iwasured as a fucc t ion  of' 
sample temperature.  

Triis present  r epor t  c o n t a i n s  x i d i t i o n a i  thermal s e n s i t i v i t y  
da ta  on high energy l i q u i a  Con1E;osftioris i;sfng Weriograd s xet i iod .  
' h e  work was performed F r i m r i l y  t o  demonsLr4ate tkle capab i l i t y  
of  t he  thermal s e n s i t i v i t y  method i:: Sollowing changes i n  tile 
sens iLiv i ty  of n igh  energy systems. 

sample i s  enclosed i n  a 24 
hypodermic needle  tilbing. The t u b i n g  Is then h a t e d  vera:; L 
by discharging a capac i tor  th rough  i t ,  and Its resistance 5.2 
measured a s  3 func t ion  of L i m e .  '&e LeniFerature t o  whicii xiie 
Lubfrig has beea r a i s e d  by the capac i tor  dischnrge can  de 
ca lcu la ted  from the  r t i t lo  of' i t s  hot r e s i s t a n c e  t3 I t s  r,oo:G 
temperature r e s i s t ance .  biher. t he  sa:r.Gle h ' i t i i i r i  t h e  LgLe explcues,  
i t  b u r s t s  t he  tube wai l  causing a n  a.ovup~ 2ia:ige ;rr Li-ie resisL:?nci. 
of t he  tube.  Therefore,  Loth t l ie ternpers.twe of the san:pie csn- 
t a i n e r  and che d e l a y  time Lefore the saxiple explodes car: ii! 
determined by measuring ihe reslst ;ance of t:ie hyvoder::Lc :lecaie 
tube as  a func t ion  of time. Ir, the  s e n s i t i v i t y  apparatus ,  t:lic 
i s  done by making the tube one ar% OS a Wheatstone kriuge c l i T L t  
and d isp lay ing  t h e  .unbalance vol tage o f  t he  b r i d g e  on a n  ouclLlo-  
scope. 'l'he delay time i s  a l s o  neasured w i t h  an e l e c t r o n l c  t imer  
which is started by a s igna l  from tne  capac i to r  d i scharge  anu 
stopped by a s i g n a l  frcjni a rnicrophone located near t he  b u r s t i n &  
sample tube.  

In the  tnerrmi s e n s i t i v i t y  deternlnat ior ,  a 2 . 1  c;icrcjli.ter 
i n c h  length of  s t a i n l e s s  Steel 



EXPERIMENTAL 

No basic  change has been made i n  the  o r i g i n a l  c i r c u i t  
designed by Wenograd (1). 'he fundamental p a r t  of t he  c i r c u i t  
is shown schematical ly  i n  Figure 1. l!he high vol tage pu l se r  
c o n s i s t s  of a high vol tage  power supply, which charges a 2 F 
capac i to r  t o  vo l t ages  ranging t o  about 7 kV, and 5C22 t hy ra t ron  
f o r  switching t h i s  charge.  ' h e  capac i tor  discharges i t s  energy 
through a l l  t h r e e  branches of t he  c i r c u i t ,  but because of the  
lower r e s i s t a n c e  of R, +&, t he  bulk of the  cur ren t  flows through 
t h i s  pa th .  When the  capac i to r  has f in i shed  discharging,  t h e  
high-voltage p u l s e r  r ep resen t s  an open c i r c u i t  and only the  
simple Wheatstone bridge powered by %through %remains. 

the open ends i n  the  l i q u i d  a s  shown i n  Figure 2. A i r  is removed 
from t h e  tubing by evacuation. 
t h e  l i q u i d  sample i s  forced  i n t o  the  tubing.  About 0.1 cc  of 
sample i s  required f o r  a series of measurements. 

The sample tubes a r e  e a s i l y  f i l l e d  w i t h  a l i q u i d  by placing 

When t h e  atmosphere i s  readmitted,  

It i s  poss ib le  t o  work with v o l a t i l e  l iqukds i f  t he  sample i s  
cooled t o  reduce the  vapor pressure.  In t h i s  way the  sample may 
be loaded by evacuat ion without permit t ing a s i g n i f i c a n t  loss of 
the sample. 

the thermal s e n s i t i v i t y  experimental  da ta .  In  add i t ion  t o  com- 
put ing temperatures  from t h e  unbalance vol tages ,  t he  program y i e l d s  
a lease square f i t  of t h e  da t a  t o  the  s t r a i g h t  l i n e  defined by 
log,, delay time i n  mi l l i seconds  = A + 
A l l  of  t he  data  shown represent  t he  r e s u l t s  of the  l e a s t  square 
f i t  descr ibed above. 

A program f o r  t h e  'IBM 7090 d i g i t a l  computer i s  used t o  t r e a t  

lOOOB 
T, O K  

RESULTS AND DISCUSSION 

The employment of improved experimental techniques has 
reduced the amount of s c a t t e r  of the  data compared t o  t h a t  pre- 
v ious ly  reported (1). Figure 3 i s  r ep resen ta t ive  of t he  measure- 
ments a t . t h e  p re sen t  t ime.  The dashed l i n e s  represent  t h e  
l i m i t s  of one s tandard devia t ion  of log,, delay time. l h ree  
r e p l i c a t e  measurements of  n i t rog lyce r ine  made a t  i n t e r v a l s  of 
about one month are shown i n  "able  1. 
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TABLE 1 

THERMAL SENSITIVITY O F  NITROGLYCERINE 

'l'emp o, O C  

a t  250 Stand. dev. 
microsec. Slope, of log,, No. of nange , 

Sample delay B L -  delay t i m e  t r i a l s  m i l l i s e c .  

1 395 7.7 0.21 1 '7 0.03 t o  b.27 
2 392 8.3  0.22 13 0.02 t o  6.03 

3 397 8.1 0.19 20 0.04 t o  27.50 

1000 E /1 log,, delay t i m e  i n  mil l iseconds = A + T, OK 

Most of the experimental  e r r o r  a t  t h e  present  time can Le 
a t t r i b u t e d  t o  osc i l l o scope  d r i f t  and unce r t a in ty  i n  t h e  r e s i s t a n c e  
measurements. It i s  not expected t h a t  a fur t r ier  improve:nent i n  
t h e  q u a l i t y  of d a t a  can be achieved w i t h  t h e  apparatus  i n  use.  

Tetranitromethane ('YNM) w i t h  two added f u e l s  , toluene and 
nitromethane, was s tud ied  i n  an attempt t o  follow changes i n  
s e n s i t i v i t y  a s  a func t ion  of composition. l'he data  obtained were 
extrapolated t o  t h e  10 microsecond delay times and the  temperatures 
corresponding t o  t h e s e  t imes were p l o t t e u  a s  a funct ion of com- 
pos i t i on ,  Figures 4 and 5. For purposes of comparison w i t h  o o o s t e r  
s e n s i t i v i t y  data, the 10 microsecond t i m e  seemed reasonable a s  
that  i s  the approximate time an explosive is heated t o  a high 
temperature by the  shock wave i n  the booster  type t e s t .  

A very sharp drop i n  Lernperature is  obtained w i t h  t he  addi- 
t i o n  of 6% toluene, Figure 4, which i s  i n t e r p r e t e d  a s  a marked 
inc rease  i n  s e n s i t i v i t y .  The r i s e  i n  temperature obtained w i t h  
l a r g e r  amounts of toluene i s  bel ieved t o  r ep resen t  a decrease i n  
s e n s i t i v i t y .  

The temperature drop d i d  not appear t o  be a s  sharp a s  t h a t  obtained 
wi th  added toluene.  Further measurements w i l l  be made t o  complete 
the TNM-nitromethane study. 

The' TNM-nitromethane system was b r i e f l y  inves t iga t ed ,  Figure 5. 



Tschinkel and Pbrr ison inves t iga t ed  t h e  s e n s i t l v l t y  cf . ::ii: 
.. . with added benzene and nitromethane ('2 ) . .?hey fourd : he  3.5~:- 

t i o n  of 5% benzene increased t h e  "card gap" value f o r  'Xi.! :'roc, j:, 
t o  g r e a t e r  than 300. 
value g r e a t e r  than 300. However, only a r e l a t i v e l y  sr:Qll 
inc rease  i n  s e n s i t i v i t y  occurred with added riitr0:nethar.e. '?ne 
maximum "card gap'! value was 80 a t  70% TNM. 

TNM with 25% benzene a l s o  had a "card ~ ~ ~ j ' '  

Tschinkel and Morrison point  out  t h e  l a r g e  d i f f e r e n c e  between 
t h e  shock s e n s i t i v i t i e s  of 'l'Nf4 x i t h  added benzene and nitromsthane. 
'l'his l a r g e  d i f f e rence  i s  not  i nd ica t ed  by the  thermal s e n s i t i v i t y  
method where t h e  minimum temperatures required f o r  therms1 k i -  
t i a t i o n  d i f f e r  by only about 100°C. ' h e  g r e a t e s t  s e n s i t i v i t y  of 
TNM containing toluene occurs  i n  t h e  range of rnaximm energy a s  
computed by Tschinkel and W r r i s o n  e Ir: the 'I'I.lI.l-hydrocarbonJl4-hydrocarbori system, 
t h e r e  i s  a gene ra l  agreement betweer. shock s e n s i t i v i t y  ana thermal 
s e n s i t i v i t y  da t a  as both show a marked inc rease  i n  s e n s i t i v i t y  
with t h e  add i t ion  of a small percentage or  hydrocarbon. 

It seemed worthwhile t o  examine t h e  s e n s i t i v i z y  o f  n i t r o -  
g lyce r ine  witk added dimethyl ph tha la t e  as t h i s  compound has been 
used a s  a d e s e n s i t i z e r  f o r  yi t roglycer i r ie .  Lata obtained on a 
number of compositions are shown i n  Figure 6 .  Progressive 
inc reases  i n  dimethyl ph tha la t e  content  a l s o  inc rease  the  
temperature required f o r  t h e r m 1  i n i t i a t i o n .  ?he decrease i n  
s e n s i t i v i t y  w i t h  t h e  a d d i t i o n  o f  9.3% and lb.7$ dimethyl ph tna la t e  
appear t o  be r a t h e r  small. It i s  believed t h i s  Is a r e a l  e f f e c t  
although it could not be defended by a s t a t i s t i c a l  proof. A very 
l a r g e  d i f f e rence  i s  noted between 303; and 40% dimethyl phthalate , .  
p a r t i c u l a r l y  a t  s h o r t  delay times. 

Although the  hot-tube thermal s e n s i t i v i t y  information is 
believed t o  provide a good c h a r a c t e r i z a t i o n  f o r  high energy 
materials, it cannot be considered t rustworthy i n  determining 
handling hazards. Ce r t a in ly  t h e r e  are many p rope r t i e s  t h a t  a f f e c t  
the s e n s i t i v i t y  c h a r a c t e r i s t i c s  of a l i q u i d  such a s  vapor pressure,  
v i scos i ty ,  and chemical r e a c t i v i t y .  

Further s t u d i e s  of high energy systems w i l l  be c a r r i e d  out 
t o  g a i n  i n s i g h t  i n t o  t h e  parameters t h a t  a f f e c t  t h e  thermal 
s e n s i t i v i t y  . 
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RJ= R4.25 OHM NON-INDUCTIVE RESISTOR; RAa IO OHM NON-INDUCTIVE RESISTOR; 
Rp= CONSTANTAN RESISTOR; R , = T U B E  UNDER TEST; Ega 2 4 V  STORAGE BATTERY; 

E = OSCILLOSCOPE 
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FIG. I CIRCUIT OF THERMAL SENSIT IV ITY  APPARATUS 
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